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O (57) Abstract: An apparatus for enhancing the performance of an RHU tag for a compact disk (12) having an inner perimeter and an 
^ outer perimeter, the apparatus comprising: a first electrically conductive coil (20) attached to the outer perimeter (14) of the compact 
disk; a second electrically conductive coil (22) attached to the inner perimeter ( 16) of the compact disk; and an electrical interconnect 
(24) electrically connecting the first electrically conductive coil (20) to the second electrically conductive coil (22); wherein the RFID 
tag is further attached onto the compact disk (12) in close proximity to the second electrically conductive coil (22). 
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A METHOD AND APPARATUS FOR ENHANCING PERFORMANCE OF AN RFID 

TAG FOR A COMPACT DISC 

BACKGROUND 

[001] Figure 1 . depicts a typical RFID system setup whereby a RFID reader/writer is 
connected to one or multiple antennas. These antennas radiate the electrical RF energy 
from the reader/writer as electro-magnetic RF energy. RFID tags passing through the 
electro-magnetic field will derive power from the field and power up. If sufficient power is 
received, the tags are then ready for operation. 

[002] Figure 2. depicts a typical RFID tag which basically consists of a RFID chip 
connected to an antenna coil. In a typical RFID system operating at a nominal frequency 
of 13.56Mhz, the resonance frequency of such a RFID tag will be 13.56Mhz +/- 500Khz 
for optimum performance. 

[003] Figure 3. shows the interaction of the RF field lines with a RFID tag on a non- 
ferrous object As the object being tagged is non-ferrous, the electro-magnetic field lines 
are not impeded and therefore the RFID tag can function normally. 

[004] Figure 4. depicts a RFID tag attached to a typical CD / DVD. As CDs / DVDs 
contain a layer of metallization forming the reflective surface, attempts to attach a RFID 
tag to such media have given dismal performance. This is due to the detuning of the tag 
due to the tag's close proximity to the metallic layer and the attenuation of the field by the 
metallic layer. The metallic layer also lowers the *Q' factor of the coil of the RFID tag, 
causing loss of range. In attempts to avoid the metallic layer, RFID tags have been made 
to fit the inner ring of such CDs/DVDs (hereinafter, the term compact disks will be used 
to describe such CDs and DVDs as well as other formats of similar optical disks with such 
metallization surfaces on the optical disk). Although this avoided the detuning of the tag, 
its small size limited its performance. 

[005] Figure 5. shows the effect of a RFID tagged compact disk in the RF electro- 
magnetic field. The eddy currents in the metallic layer reflect most of the energy and only 
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a small percentage of the field lines go though the tag. As the metallic layer is thin, some 
field lines will go though the metallic layer but these will be greatly attenuated, 

[006] The performance of RFID tags on compact disk have posed a major problem for 
many RFID systems. In typical RFID systems operating on 13.56Mhz, for a RFID tag of 
3cm diameter, read / write range can drop by up to 30% after being attached to a compact 
disk. 

SUMMARY OF THE INVENTION 

[007] The present invention seeks to provide a method and apparatus for enhancing 
performance of an RFID Tag for a compact disk. 

[008] Accordingly, in one aspect, the present invention provides, an apparatus for 
enhancing the performance of an RFID tag for a compact disk having an inner perimeter 
and an outer perimeter, the apparatus comprising: a first electrically conductive coil 
attached to the outer perimeter of the compact disk; a second electrically conductive coil 
attached to the inner perimeter of the compact disk; and an electrical interconnect 
electrically connecting the first electrically conductive coil to the second electrically 
conductive coil; wherein the RFID tag is further attached onto the compact disk and in 
close proximity to the second electrically conductive coil. 

[009] In another aspect of the invention, a method for enhancing the performance of an 
RFID tag for a compact disk having an inner perimeter and an outer perimeter, comprising 
the steps: attaching a first electrically conductive coil to the compact disk; attaching a 
second electrically conductive coil to the compact disk; electrically connecting the first 
electrically conductive coil to the second electrically conductive coil; and attaching the 
RFID tag to the compact disk; wherein the RFID tag is in close proximity but not in direct 
contact with the second electrically conductive coil. 

[0010] In yet a further aspect of the present invention, A method for enhancing the range 
of an RFID tag having a coiled antenna when operating with an RFID tag reader/writer, 
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steps comprising: electrically connecting a first electrically conductive coil to a second 
electrically conductive coil using a interconnect; positioning the coiled antenna of the 
RFID tag in proximity with the second electrically conductive coil; and positioning the 
first electrically conductive coil within range of the RFID tag reader/writer. 



DESCRIPTION OF THE INVENTION 



[0011] Figure 6. shows the present invention of an apparatus for enhancing the 
performance of an RFID tag for a compact disc 12. A first electrically conductive coil or 
an outer coil 20 of nominally two to three turns is closely wound and attached to an outer 
perimeter 14 of the compact disk 12. A second electrically conductive coil or an inner coil 
22 of nominally five to six turns is loosely wound and attached to the non-metallic inner 
ring 16 or inner perimeter of the compact disk 12. The inner coil 22 is then electrically 
connected to the outer coil 20 via an interconnect 24. The polarity of the inner coil 22 is 
in phase with the polarity of the outer coil 20. Parasitic capacitance of both the inner coil 
22 and the outer coil 20 can cause the both the coils to self resonate. For optimum 
performance in nominally 13.56Mhz RFID systems, the coils should have a self resonant 
frequency of typically 15Mhz. This optimum frequency can vary depending on the 
coupling factor between the inner coil and the RFID tag. 

[0012] Figure 7. shows the electrical equivalent of the invention. As coils with larger 
diameters pick up more energy when subjected to an electro-magnetic field, the outer coil 
20 which is larger in diameter is the main energy pick-up coil This will induce a RF 
voltage in the outer coil 20. This voltage is also connected to the inner coil 22 which is 
smaller in diameter. With the same voltage across the inner coil 22, but with a smaller 
diameter, the inner coil 22 will thus generate a denser electro-magnetic field around it. 
The RFID tag, being in close proximity to the inner coil 22, will receive higher electro- 
magnetic field strength. The overall effect is the RFID tag 'acquiring' a larger diameter. 
The outer coil 20 and the inner coil 22 will resonate at a certain frequency due parasitic 
capacitance of both coils. This frequency has to be higher than the RFID tags' operating 
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frequency as the RFID tag is in close proximity to the inner coil, the combined resonance 
will be lowered. 

[0013] Figure 8. shows the RFID tag 30 together with the apparatus in accordance with 
the present invention. The outer coil 20 and the inner coil 22 are wound such that when 
the compact disk 12 is spun at high revolutions, the entire assembly of the compact disk 12 
and the apparatus of the present invention are balanced and does not cause the compact 
disk 12 to wobble. If the attachment of the RFID tag 30 onto the compact disk 30 causes 
the compact disk 30 to be unbalanced and to wobble, the positions of the apparatus of the 
present invention can be adjusted to compensate for the unbalanced RFID tag 30. This 
balances out the compact disk 30, much like adding weights to vehicle tyres. 

[0014] Using a small RFID tag on the inner ring of a compact disk 12 will have limited 
range. However, a large RFID tag on the metallic layer will result in low 'Q' and may be 
detuned by the metallic layer, therefore will also have a limited range. This present 
invention 'extends' the range of a small RFID tag 30 on the inner ring of the compact disk 
12 to that of a larger RFID tag. The present invention also prevents the loss of 'Q' 
associated with larger tags as the RFID tag is only loosely coupled to the inner coil. 
Therefore, even if the inner and outer coil is of low *Q\ the effect on the overall 'Q' factor 
of the RFID tag is negligible. 

[0015] The present invention can extend the range of RF or RFID tags on compact disks 
or other objects with metallic coatings. Referring to FIGURE 9, a 3cm diameter RFID tag 
is tested on a typical RFID system operating on 13.56Mhz. The tag alone had an 
operating range of 35cm from the reader antenna. After this tag is attached to a compact 
disk, the range dropped to 30cm. The same tag was then attached to a CD with the 
apparatus of the present invention, the range was extended to 80cm. 

[0016] As the apparatus of the invention is a fully passive device ( does not need a power 
supply ) and is extremely reliable, it can be adhered or attached to the metallic side of the 
compact disk. The RFID tag 30 can then be adhered to the apparatus of the present 
invention. In event the RFID tag 30 fails, the RFID tag 30 can be removed and replaced. If 
a larger RFID tag is used and it fails, the removal of the large RFID tag may damage the 
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metallic layer of the compact disk, permanently destroying the compact disk. Therefore, 
this invention allows small RFID tags to perform like larger tags without the problems 
introduced by larger tags. 

[0017] This invention also allows the routing and harvesting of electro-magnetic energy 
and re-emitting it on a focused area, much like a magnifying glass with sunlight. This has 
been shown here as a RFID Tag on a compact disk. The outer coil 20 collects the energy 
and the inner coil 22 re-emits it on a smaller area, focusing and increasing the energy 
density. Therefore, this invention further allows a coil antenna of an RFID tag not to be 
within the direct range of a RFID tag reader/writer. Applying this to other types of 
products not limited to compact disks, an outer coil 20 having a large diameter can be 
electrically connected to a inner coil 22 via an interconnect 24. The interconnect 24 may 
be of a predetermined length which results in the inner coil 22 being out of range from a 
RFID tag reader/writer. An RFID tag is then mounted or attached in a position whereby 
the RFIE) tag is in close proximity to the inner coil 22. The outer coil 20 is then positioned 
or placed in range of the RFID tag reader/writer thus allowing the RFID tag to be operable 
with the RFID tag reader/writer even if the RFID tag is not within range of the RFID tag 
reader/writer. 

[0018] The present invention extends the operating range of RF / RFID tags by c virtually' 
enlarging the size of the tags' coil without physical connection to the tags' coil. 

[0019] The thin and light physical characteristic of the invention, as well as it is balanced, 
does not impede the operation of the compact disk. It also provides an avenue to offset any 
imbalance caused by the RFID tag. 
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CLAIMS 

1. A method for enhancing the performance of an RFID tag for a compact disk 
having an inner perimeter and an outer perimeter, comprising the steps: 

a. attaching a first electrically conductive coil to said compact disk; 

b. attaching a second electrically conductive coil to said compact disk; 

c. electrically connecting said first electrically conductive coil to said second 
electrically conductive coil; and 

d. attaching said RFID tag to said compact disk; 

wherein said RFID tag is in close proximity but not in direct contact with said second 
electrically conductive coiL 

2. The method in accordance with claim 1, wherein said first electrically conductive 
coil is attached to said outer perimeter of said compact disk. 

3. The method in accordance with claim 2, wherein said first electrically conductive 
coil has a diameter substantially similar to diameter of said compact disk. 

4. The method in accordance with claim 1, wherein said second electrically 
conductive coil is attached to said inner perimeter of said compact disk. 

5. The method in accordance with claim 1, wherein said first electrically conductive 
coil is connected in phase with said second electrically conductive coil. 

6. The method in accordance with claim 1, wherein said first electrically conductive 
coil may be re-positioned to provide balancing for said compact disk. 

7. The method in accordance with claim 1, wherein said second electrically 
conductive coil may be re-positioned to provide balancing for said compact disk. 

8. An apparatus for enhancing the performance of an RFID tag for a compact disk 
having an inner perimeter and an outer perimeter, said apparatus comprising: 
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a first electrically conductive coil attached to said outer perimeter of said compact 

disk; 

a second electrically conductive coil attached to said inner perimeter of said 
compact disk; and 

an electrical interconnect electrically connecting said first electrically conductive 
coil to said second electrically conductive coil; 

wherein said RFID tag is further attached onto said compact disk and in close 
proximity to said RFID tag. 

9. The apparatus in accordance with claim 8, wherein said first electrically 
conductive coil is connected in phase with said second electrically conductive coil. 

10. The apparatus in accordance with claim 8, wherein said first electrically 
conductive coil may be re-positioned to provide balancing for said compact disk. 

11. The apparatus in accordance with claim 8, wherein said second electrically 
conductive coil may be re-positioned to provide balancing for said compact disk, 

12. A method for enhancing the range of an RFID tag having a coiled antenna when 
operating with an RFID tag reader/writer, steps comprising: 

a. electrically connecting a first electrically conductive coil to a second 
electrically conductive coil using a interconnect; 

b. positioning said coiled antenna of said RFID tag in proximity with said 
second electrically conductive coil; and 

c. positioning said first electrically conductive coil within range of said RFID 
tag reader/writer. 

13. The method in accordance with claim 12, wherein said first electrically conductive 
coil is connected in phase with said second electrically conductive coil. 
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